The protein kinase Akt/P KB has been implicated in antiapoptosis and neuronal survival. The authors now show that Akt is phosphorylated in the hippocampus during the early reperfusion period after 3.5 minutes bilateral carotid artery oc clusion (BCAO) in the gerbil. Repeated sublethal ischemia in duces ischemic tolerance, which is known as ischemic precon ditioning. Ischemic preconditioning does not affect the amount
of Akt protein, but rather decreases the phosphorylation of Akt at Ser-473 after 10 minutes reperfusion after 3.5 minutes BCAO. These results suggest that although Akt may play a role in neuronal survival after ischemia, it may not play a role in ischemic tolerance by preconditioning. Key Words: Akt-PI 3-kinase-Ischemic preconditioning-Global ischemia Gerbil.
tion on Thr-308 by phosphatidylinositol (3, 4, 5) trisphosphate-dependent kinase I (PDK 1; Alessi et aI" 1996) and within the C-terminus on Ser-473 by integrin linked kinase (ILK; Delcommenne et aI" 1998) . Akt has been shown to promote cell survival by phosphorylating and inactivating Bad and caspase-9 on , respectively, thereby inhibiting apoptosis (Kennedy et aI" 1997; Datta et aI" 1997; del Peso et aI" 1997; Cardone et a!., 1998) .
Although the role of AktJPKB has been studied exten sively with inhibiting apoptosis, there have been limited studies on the involvement of Akt in neuronal survival after ischemia. Kitagawa et a!. (1999) reported changes in immunostaining of total-Akt in rat using the perma nent middle cerebral artery occlusion model, They re ported that Akt immunostaining was transiently in creased at 3 to 8 hours in the ischemic penumbral region, Ouyang et al. (1999) demonstrated that Akt is phosphor ylated at Ser-473 in the hippocampus during the early stages of the reperfusion period after 15 minutes fore brain ischemia in rats. These studies suggested that Akt has a neuroprotective role after ischemia.
Pretreatment with sublethal ischemia protects the CA I pyramidal cells from subsequent lethal ischemia, which is well known as ischemic tolerance phenomenon by preconditioning (Kitagawa et aI., 1990; Liu et aI., 1992) . Several molecules, such as heat shock proteins (Kirino et aI., 199 1; Liu et aI., 1992) , adenosine, and ATP-sensitive K+ channels (Heurteaux et aI., 1995; Kawahara et aI., 1998) have been implicated in cerebral ischemic precon ditioning. However, the precise mechanism of how an organ becomes preconditioned to subsequent ischemic insults is still unclear. In the current study, the authors investigated whether Akt is involved in the induction of ischemic tolerance by preconditioning in the gerbil after global ischemia.
MATERIALS AND METHODS

Ischemia model
Eighty-one male Mongolian gerbils (50 to 70 g) were used in the current study. Gerbils were anesthetized in 2.0% halothane in 70% N20 and 30% O2 using a vaporizer (Halowick, Muraco Medical, Tokyo, Japan 
RESULTS
To evaluate the relative changes in total-Akt protein levels and the phosphorylation state of Akt after 3.5 min utes BCAO, the authors performed Western blot analysis using total hippocampal tissues isolated at various reper fusion time points. Akt was dephosphorylated at the end of 3.5 minutes of BCAO, which might be because of decreased A TP production during ischemia. This de phosphorylation was sustained for I minute after reper fusion. A significant increase in phospho-Akt was ob served by 10 minutes after reperfusion and persisted until 1 hour compared with sham control (Fig. I A) . This was confirmed by densitometric analysis of immunoblots (n = 5 independent experiments; Fig. IB ). Phosphorylation levels returned to control levels by 1 day after reperfu sion ( Fig. I A and IB) . Total-Akt protein levels in the hippocampus did not change appreciably (Fig. lA) . The current findings are in agreement with those reported in rats by Ouyang et al. (1999) . 
t-Akt
Next, the authors examined the changes in total-Akt immunostaining and phospho-Akt immunostaining in the hippocampus after 3.5 minutes BCAO. Akt immuno staining was seen throughout the hippocampus in sham operated animals (Fig. IC) . Akt immunoreactivity was increased in the pyramidal cell layer of CA I 10 minutes after reperfusion, remained high at 1 hour, and returned to the control levels by 3 hours (data not shown). This suggests that transient upregulation in Akt protein levels ��� contribute to CA I pyramidal cell survival during the Initlal I hour of reperfusion. The authors observed simi lar changes in Akt immunostaining in the CA3 and den tate gyrus. By I day, Akt immunoreactivity was de creased below the control levels in the pyramidal cell �ayer of �Al (Fig. IC) . Phospho-Akt immunostaining Increased In the hippocampus 10 minutes after reperfu sion, which was more dramatic in the dentate gyrus and CA3 than in the CA I. The staining observed in the CA3 and hilar region was high at I hour and then returned to basal levels by 1 day (Fig. IC) . Together with the find ings from immunoblotting, these results raise the possi bility that Akt may delay the death of CA I pyramidal cells by upregulation of Akt expression and activation of Akt by phosphorylation. This was also postulated by Ouyang et al. (1999) .
Finally, the authors addressed whether Akt is involved in ischemic tolerance by repeated sublethal ischemia. Preconditioning has been shown to protect tissue from cell damage after subsequent ischemic insults. Therefore the authors wanted to study the role of Akt in precondi� tioning. The authors examined the phosphorylation lev els of Akt and expression of total-Akt protein in the hippocampus between sham-operated and ischemic pre conditioned gerbils treated by repeated 2-minute BCAO with a I-day interval between the two 2-minute pretreat ments and a 2-day interval between the final pretreat ment and the 3.5 minutes BCAO. Because the phosphor ylation levels of Akt reached maximum at 10 minutes after reperfusion following 3.5 minutes BCAO (Fig. 1) , the authors compared phospho-Akt and total-Akt be tween sham-operated and preconditioned gerbils by im munoblotting and immunostaining at 10 minutes after r�perfusion following 3.5 minutes BCAO. In gerbils pre VIOusly exposed to repeated 2-minute BCAO, phosphor ylation levels of Akt were much less than in control gerbils that were pretreated with sham operations (Fig.  2) . Densitometric analysis of immunoblots showed that preconditioning resulted in a 59% decrease (P < 0.05; n = 4) in phospho-Akt when compared with control. However, ischemic preconditioning did not affect total Akt protein levels (Fig. 2) . These results indicate that Akt does not play a major role in ischemic tolerance, and that molecular events either upstream or independent of Akt activation, or both, may be modulated by ischemic preconditioning.
J Cereb Blood Flow Metab, Vol. 20, No. 9, 2000 DISCUSSION This is the first report investigating the possible in volvement of Akt activation in ischemic tolerance. The authors observed that total protein expression levels of Akt were not affected by ischemic preconditioning, but rather diminished the activation of Akt during early reperfusion periods. The current results indicate that Akt does not play a major role in inducing ischemic tolerance by preconditioning. Unknown molecular events that in duce ischemic preconditioning may result in decreased phosphorylation of Akt after reperfusion.
The authors have found that Akt expression and phos p�orylation were transiently elevated in the CAl pyra mIdal cells during early reperfusion. Enhanced phos phorylation of Akt in the CAl was also demonstrated in the rat after 15 minutes of global ischemia (Ouyang et aI., 1999) . It is possible that Akt plays a role in neuronal survival during early reperfusion in the rat and gerbil global ischemia model resulting in delayed death of CA I pyramidal cells. The authors also demonstrated by im munostaining that elevation of phospho-Akt levels in the CA l was less than in the dentate gyrus and CA3. This may explain the selective vulnerability of CA I to isch emia. Furthermore, the authors observed that total-Akt levels in the CA 1 pyramidal cell layer were decreased below the control by I day after reperfusion, preceding cell death. The causal relation between the decrease in total-Akt levels and cell death is not yet clear; this re mains to be determined.
The observed temporal changes in phospho-Akt levels were consistent in immunoblotting and immunostaining; however, the changes in immunostaining for total-Akt using brain sections appeared more prominent than those in immunoblotting. These data reflect methods of detec tion. Although immunostaining is more sensitive to spa tial changes in immunoreactivity, providing information about cellular localization, immunoblotting was per formed on Iysates from total hippocampal tissues, includ ing not only CA 1 but also CA3 and dentate gyrus.
In conclusion, the current study demonstrated Akt ac tivation in the hippocampus after ischemia and reperfu sion, suggesting that Akt might be involved in neuronal survival during early reperfusion periods after ischemia (Fig. I) . However, preconditioning of the hip p ocampus before 3.5 minutes BCAO resulted in a dramatic drop in phosphorylation levels of Akt without affecting the total Akt protein levels (Fig. 2) . This indicates that, with re spect to ischemic tolerance, Akt may not play a crucial role in determining cell survival.
